Introduction
============

Although links between spine injuries, spinal cord injuries (SCI), or both, and traumatic brain injury (TBI) have been reported, the precise features of the injuries have not been described in detail.[@b1-ijgm-4-613],[@b2-ijgm-4-613] The reported incidence of cervical spine trauma after clinically significant head injury generally ranges from 4% to 8%.[@b3-ijgm-4-613]--[@b5-ijgm-4-613] Acute spinal cord trauma in all spine segments occurs in 5% to 15% of patients with severe head injury.[@b5-ijgm-4-613],[@b6-ijgm-4-613] Although an increasing injury severity has been associated, as measured by the Glasgow Coma Scale (GCS),[@b7-ijgm-4-613] severe and moderate head injury may cause misdiagnosis of spinal cord injuries leading to devastating long-term consequences.

A head injury severe enough to cause coma transmits energy to the cervical spine; thus the prevalence of cervical spine injury among patients with traumatic coma is not insignificant. Few other risk factors in this patient population have been associated with a higher rate of spine injury. Virtually all of the literature fail to clearly define the basic radiologic investigation in unconscious patients. The objective of the present study is to identify and analyze the major risk factors involving spinal cord and moderate-to-severe brain injury at a Trauma Center in a Brazilian University Hospital.

Material and methods
====================

This prospective study was designed from November 2004 to May 2006. One thousand, six hundred and seventeen patients were admitted into the emergency unit of the Hospital das Clínicas, Faculdade de Medicina, Universidade de Sao Paulo over this time period. Of these patients, 180 were prospectively assessed with moderate or severe head injury (postresuscitation GCS of 3--12). Only patients who had been managed in the Neurotrauma Intensive Care Unit were included in the study, that is, 112 male and 78 female patients, whose ages ranged from 11 to 76 years (mean age, 34 years). All patients were submitted to three-view spine series X-ray and thin axial CT scans in suspicious or poorly visualized areas.

The following traumatic head lesions were evaluated: skull vault fracture, skull base fracture, acute epidural hematoma, acute subdural hematoma, traumatic subarachnoid hemorrhage, intraventricular hemorrhage, and contusion hematoma. Potential risk factors and injury-related characteristics were documented including age, sex, mechanisms of trauma, location of injury, GCS score, and presence of neurological deficits or systemic lesions.

Patients with combined craniocervical injuries were managed in the intensive care unit after stabilization or surgical evacuation of an intracranial hematoma. Individuals with definitive or presumed SCI received methylpredinisolone, as indicated by the SCI protocol outlined in the National Acute Cord Injury Study II. Statistical significance was determined by Chi-square test with *P* \< 0.05.

Results
=======

The most common causes of brain trauma were pedestrians struck by motor vehicles (31.1%), car crashes (27.7%), and falls (25%). Systemic lesions were present in 80 (44.4%) patients. Of the 14 patients with combined head and spine injuries, six were passengers, three were pedestrians struck by vehicles, two were assaulted, one was a motorcyclist who did not wear a helmet, and one suffered a fall.

Among 180 patients in the cohort (98 with an initial GCS score \< 8 and 82 cases with an initial GCS score of 9--12), 14 patients (7.8%) suffered a spine injury. The most common findings in head CT scans among 14 patients with combined head and spine traumatic injury were diffuse swelling in seven patients, and subarachnoid hemorrhage in three.

SCI was observed in 7.8% of patients and 12 were located in the cervical spine, one in the lumbar and one in the thoracic spine. Age (older than 50), and presence of associated lesions and severe head injury were statistically significant (*P* \< 0.05) as risk factors for spinal cord injury ([Table 1](#t1-ijgm-4-613){ref-type="table"}).

Discussion
==========

Head injury and SCI are common occurrences in the neuro-surgical practice. They account for an important proportion of care, disability, and ethical issues. They can be present in association with other conditions, and in these cases, the diagnosis of SCI may be difficult. Recognizing the risk factors for SCI associated with head injury is essential to prevent and reduce disability.

In the present study, no significant differences (*P* \> 0.05) in gender distribution of TBI and SCI association were found. Male patients were predominant in the study (81.1% males vs 18.9% females), whereas an almost equal distribution between male and female patients was found in the spine trauma group (7.5% vs 8.9%).

Bucholz et al[@b8-ijgm-4-613] performed postmortem radiography and autopsy inspections in 100 consecutive victims of traffic accidents; they found a cervical spine injury rate of 24%. In contrast, in patients with known head injury, the incidence of simultaneous spine injury has generally ranged from 4% to 8% which is similar to the figure found in the present study (7.8%).

Age in our series was also an important factor. Age seems to have a great effect on the injury pattern in patients older than 50 years. Demetriades et al[@b9-ijgm-4-613] reported that age plays a great role in the anatomic distribution and severity of injuries and survival outcomes. Additionally the incidence of spinal injuries increased dramatically with age, and elderly patients were 21 times more likely to suffer spinal trauma than the pediatric population.[@b9-ijgm-4-613]

In line with other analyses,[@b10-ijgm-4-613],[@b11-ijgm-4-613] we have shown that a road traffic crash is the most frequent mechanism of spinal injury, however no significant differences (*P* \> 0.05) were verified during the study.

The GCS seems to play an important role in TBI and SCI association. Hills and Deanne[@b5-ijgm-4-613] report that patients with clinically significant head injuries were at greater risk of cervical spine injuries than those without head trauma (4.5% vs 1.1%, significant in the Chi-square analysis). Patients with GCS scores of 8 or less presented an even greater risk of spine injuries.

Our study has demonstrated that patients with TBI and associated injuries are at highest risk for associated spine injuries when patients presented with fractures, spleen, or lung injury. Martin et al[@b12-ijgm-4-613] concluded that chest injuries showed a more consistent relationship with spinal injury; 11.4% (8.7%--14.1%) of patients with spine fracture/dislocation also suffered chest trauma, with a relative risk of 2.30 (95% confidence intervals \[CI\]: 1.77--2.99; *P* \< 0.001); however, there was no increase in the relative risk of either fracture/dislocation without cord injury (relative risk: 1.37 \[95% CI: 0.93--2.02; *P* = 0.11\]), or with cord injury (relative risk: 0.49 \[95% CI: 0.12--2.00; *P* = 0.31\]) associated with the presence of abdominal injury. Limb lesions were not associated with either type or injury.[@b12-ijgm-4-613]

In our study, the cervical spine affected 86% of spine injury associated with TBI. Davis et al[@b13-ijgm-4-613] studied fatal craniospinal injuries and found a marked tendency for the spinal cord to be damaged with cervical segment involvement. Lida et al[@b14-ijgm-4-613] showed that in 188 patients with cervical spine and/or spinal cord injury, brain damage was frequently associated with cervical injury. Those patients with upper cervical injury are at greater risk of suffering from skull base fractures and severe intracranial hematomas.

Conclusion
==========

Spinal cord injury related to moderate and severe trauma usually affects the cervical spine. The incidence of spinal lesions in this group of patients in our institution was 7.8%. Patients older than 50 years, with systemic lesions, and those with an initial GCS score of 8 or less are at higher risk for concomitant spine injury.
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###### 

Distribution of patients according risk factors to spinal cord injury associated with moderate and severe traumatic brain injury

  Risk factors       \%                  \%                   *P*
  ------------------ ------------------- -------------------- --------
  Sex                Male = 7.5%         Female = 8.9%        0.48
  Age                \>50 years = 5.3%   \>50 years = 14.3%   \<0.05
  Trauma mechanism   MVA                 Low energy trauma    0.33
  GCS                3--8 = 13.7%        9--12 = 1.2%         0.021
  Systemic lesion    Yes = 12.5%         No = 4.0%            \<0.05

**Abbreviations:** GCS, Glasgow Coma Scale; MVA, motor vehicle accident.
